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[Name of Document] SPECIFICATION 

t Title or the invention] liquid auflttiu. ujsvj.e*, -PKuuiscTiOti t x if a 
[Claims] 

[Claim 1] A liquid crystal device comprising! liquid crystal; a pair 
of subatratee having alignment films on surfaces thereof, the surfaces 
opposing each other with the liquid crystal provide - therebetween a 
plurality of scanning lines? a' plurality of data lines? and a switching 
element and a pixel electrode provided in each of pixel areas defined by 
the scanning lines and the data lines, wherein a pretilt angle with 
respect to each of the alignment films is in the range of from 20° to 
30°. 

[Claim 2] A liquid crystal device according to Claim 1, wherein the 
Alignment films each comprise ox* ul yxiiuuu o*iOtr *uu eiiiuvix ix±tx-±U* r " 

[Claim 3] A liquid crystal device according to Claim 2, wherein, when 
the thickness of a layer of the liquid crystal held between the pair of 
substrates is represented by d and the space between the pixel 
electrodes is represented by d/JU a 1 is held. 

[Claim «] A liquid crystal device according to one of claims 1 to 3, 
wherein-the pixel-electrode i-o- a- -light-re fleeting metal electrode. 

[Claim 5] A ppojoptiQH "typP dioploy ftppAJTfttWD ewpvifling * li^ttflrd 

crystal device according to one of claims 1 to 4. 

[Claim 6} A projection type display apparatus comprising i a light 
source, a light modulating device for modulating light emitted from the 
light source; and a projection lens for projecting the light modulated 
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by the lignt modulating aevice; wnerein a nquia cryetax aevice 

according to one of Claims 1 to S is used as the Light modulating device. 

[Claim 7] A projection type display apparatus comprising: a light 
source; a light modulating device for modulating light emitted froro the 
light source; and a projection len* for projecting the light modulated 
by the light modulating device? wherein a li<juid crystal device 
according to one of - Claims 1 to 5 is used for- a blue display portion as 

the light modulating device- 

[Claim B] to electro^ a^aiouu* w^upi. iaiusf * licpiid crystal defies. 

according to one of claims 1 to 4- 

[ Detailed Description of the Invention] 

[0001] 

[Technical Pield of the Invention] 

The present invention relates to liquid crystal devices in which a 
pretilt angle with respect to an alignment film and the relationship of 
a space between pixel electrodes to a thickness of a liquid crystal 
layer are specifically defined, and to projection type display 
nppn™tti*i« »nd »1«nti-nTiin appemtiiam, botK.nf wh^b iiaa thfl *hftv* 
liquid crystal devices- The present invention particularly relates to a 
technique for suppressing the generation of display defects caused by 
disclination lines. 
[0002] 

[Description of the Related Art] 

Hitherto, liquid crystal display devices -have been increasingly In 

demand for use in projection type display apparatuses, such as a 
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projection television, in addition to direct- view- typo display 
apparatuses. However, in the case in which liquid crystal display 
device f" psrojortisti typ= display tp?ir^uccc, *hon the 

magnifying power ie increased while the number of pixels is not changed 
from. that. jLn.Jihfi. past... the. .coarseness of a screen becomes observable. 
Accordingly, in order to obtain fine images even when the magnifying 

power is high, the- number of- pixels must be increased- 

[0003] 

[Problems to be Solved by the Invention] 

However, when the number of pixels is increased while the area of 
the liquid crystal display device is maintained constant, in particular, 
in the case of an active matrix liquid crystal display device, since the 
areas of wire portions and switching element- p a y tai o ne Gthar ^han -fcfeoaar - 
of the pixels are relatively increased, the area of a black matrix 
covering the portions mentioned above is increased. 
[00041 

In addition, in the case described above, a problem may arise in 
that since the distance between pixels, i.e., the space between the 
pixel electrodes, is inevitably decreased, when attention is given to 
one pixel electrode, disolination (rotation and inclination of liquid 
crystal molecules) is likely to occur due to the influence of electric 
fields from the peripheral portions of other adjacent pixel electrodes. 
When the disolination occurs, in addition to the wire portions and 
switching element portions, it becomes necessary that the areas at which 
it occurs be covered with the black matrix- 
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[0005] 

Aa desoribad abova, whoil tho number of pixole ie inoreaead while 

the area of the liquid crystal display device is maintained constant, in 
addition to the areas of the wire portions and the switching element 
portions, the areas at whic h the disclir.Jiti*a wcurc ^otr ba ocvwd-- — 
with the black matrix, and hence the area of the black matrix is 
extremely increased with respect to the display . area- Accordingly , dn » 
the case described above, areas of aperture portions of the pixels, 
which contribute to image display , are decreased, that is, the aperture 
ratio is decreased, resulting in a darkened display screen- Hence, a 
problem may ari«c in ithat the ioagc quality -is de^rrad&d. 
[0006] 

Mext, the display defects caused by-disciination will be described 
in detail, A liauid crystal _ «pi ay H«vin« Winn * * i i y 
Structure for use in a current projection type display apparatus is 
provided with a plurality of r^ctoUyiilcu. BlftutxodeB-axxniigHd ■ ifl-^" ' 

-6 

matrix each having a fine width of approximately 20 x 10 m (20 urn) 
square. In addition, in the highly fine liquid crystal display device, 
when a reflective structure is employed p the pixel electrodes are 
arranged with substantially no spaces therebetween on an insulating film 
which covers the switching elements formed on a substrate- Accordingly, 
in a liquid crystal display device having the reflective structure r it 
becomes possible that the space between the pixel electrodes can be 
decreased to only approximately. 1— * 10 — a p.. fim) . 
[0007J 
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in tlm liquid uryeLal display device described above having the 

decreased spacea between the pixel electrodes, as shown in Fig* 11, a 

apace L between pixel electrodes 100 and 101 provided for one substrate 

-6 

aide is approximately 1 x 10 m, and a distance d between a common 

electrode 102 provided for a substrate opposing eaid one substrate 

-6 

mentioned above and the pixel electrodes 100 and 101 ie 2* 10 to 4 x 
10 m- As a result, -a strong lateral electric field As. applied to . 
liquid crystal present in the boundary portion between the pixel 
electrodes 100 and 101* For example, in the case in which the common 
electrode 102 is fixed at zero voltage by grounding, +5 wits i« applied 
to the pixel electrode 100, and -5 vol to io applied to tho pixel 
electrode 101 bo as to control the alignment of the liquid crystal/ when 

liquid crystal is used which stur^ with i'vep^vt ' tv> ti*e BuvstZote upwil 

application of a voltage, as shown in Fig. 12, a lateral electric field 

having I 10 VOltC f thtfet' ££> f Lliw ^uLouLial \lL.t£*j.mn.'« I»LwBtdu +j axiil —3 

volts r is generated in liquid crystal in an area corresponding to the 
pixel electrode 100 and close to the pixel electrode 101 , and hence, the 
liquid crystal influenced by this lateral electric field has a high 
probability of being aligned in the direction different from that in 
which the liquid crystal is naturally aligned* That is, In liquid - 
crystal in an area at which the alignment thereof is to be controlled by 
the pixel electrode 100, some liquid arynt-.nl nml,^nui££LATfi-jJ i.©r\£*«i_j.r»_ J a — 
direction slightly diffsrsnt from that of trLiife^' liquid vxysLcil 

molecules* Au a xhmuIl, a linear display defect/ a so-called 
disclinatlon line, is— generated in a boundary area {area aiong a 
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boundary line indicated by reference mark DR. in Fig- 12) of the liquid 
crystal in which the alignment direction is slightly different- When 

the width of this linear display defect was actually measured, it was 

-6 

found that the width thereof was approximately 3 x 10 m (jim) on the 
average . 

[0008] 

Fig. 14 is- q view showing the lightness of a pixel portion of a. 

light reflection state of the pixel portion- As shown in this figure, 
it is understood that due to the generation of disclination lines , the 
luminance in the pixel id uuCiuauum at . tliw twn muimm i.'m-ir »«) " - 
[0009] 

in order to reduce the display defects caused by diaclluawiwii aa 
small as possible, a frame inversion driving method is employed , which 
is capable of making as many adjacent pixel electrodes as possible have 
the same polarity, so that the liquid crystal is driven by applying 
voltages having the same polarity to all pixel electrodes in each frame 
when display is performed. However, the frame inversion driving method 
has not been able to totally solve the problem described above. That is, 
when white or black display is performed over the entire display area, 
the frans inverse ion driving vorlce- -effectively, but- in s.--di=£l-&y mdo in — 
which white display and black display are both present in the display 
area, the boundary portion of the white and the black display become 
nearly gray display, and the display at the boundary portion is put in a 
blurred state. For example, as shown in Fig. 13, in the case in which a 
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letter -a*-" is* displayed in biacic on a uacKgrouna aispiayea in wnite^ a 
gray display area ie generated by diaclination Unas in the white 
display portion around the outline of the B A° displayed in black, and 
the outline of the letter "A B becomes blurred, resulting in a display 
mode having low contrast- In particular, in a projection type display 
apparatus, the situation becomes more serious due to a magnifying 

projection display system- • ■■■ 

[0010] 

as a lxguio crystal" driving metnod, in addition to the frame 
inversion driving method, there may be mentioned, for example, a line 
inversion driving method in— whio'a t'iiv polarity of a diiviuy volLagv 
applied to each longitudinal line or to each lateral line is different 
from that applied to the line adjacent thereto, or a dot inversion 
driving method in which the polarity of a driving voltage applied to 
each pixel electrode is different from that applied to the pixel 
electrodes adjacent thereto, and since the individual driving methods 
have their own advantages, it is preferable that various driving method 
be selected for projector type liquid crystal panels* However, due to 
the disadvantageous generation of discli nation lines described above, an 
unfavorable situation exists in that the line inversion driving method 
or the dot inversion driving method, in which the difference in 
potential between the pixel electrodes adjacent to each other is 
increased, cannot be employed as a driving method f or _a_ highly, .fine 
liquid crystal panel* 

[0011] 
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In addition, among character! sties required for projectors, the 
£i re t requlrdd one" ie currently the ltghtneea , and when miorclcnscs ar5 
provided at positions correspondiny to L liw pixwl a *o aw tu uouvhl^b 
light at the aperture areas, an effective aperture ratio can be improved. 
However, when the microlenses are provided, light flux density incident 
on the pixel ie increased, and hence it is pointed out that since an 
alignment film is damaged, abnormal alignment of the liquid crystal may ... 
occur in some cases. Heretofore, for ease of description of the present 
invention, color filters and polarizers, which are generally provided in 
the liquid crystal display device, are not described, and the aperture 
ratio of the panel itoolf hao boon prxwaj-ilj uoouaILwu a» Lhn> »nb jis^L. 
[0012] 

The present invention was made in consideration of the situations 
described abuVe. An ubjwuL uf Lilt* px.t»ssBuL iuvwuLiuxi lis Lo provides a 
liquid crystal device, a projection type display apparatus, and an 
electronic apparatus. The liquid crystal device is capable of 

performing bright display, in which the gener»tion of display defeats 
caused by abnormal alignment of the liquid crystal is suppressed by 
defining the pretilt angle with respect to the alignment film and the 
specific relationship of the space between the pixel electrodes to the 
thickness of the liquid crystal layer - 
[0013] 

[Means for Solving the Problems] 

To these ends, a liquid crystal device of the present invention 
comprises liquid crystal; a pair of sul/atidUa haViny <ali^iiii«*irC *filiito»- , orr 
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surfaces thereof, the surfaces opposing each other with the liquid 
crystal provide therebetween; a plurality of scanning lines; a plurality 
of date lin== ? ± ~L~*^hing *l^nt and =. pixel electrode pr*vid«?4 in 

each of pixel areas defined by the scanning Umb and the data lines f 
wherein a pretilt angle with respect to each of the alignment films is 
in the range of from 20 • to 30°. According to the structure described 
above, since the display defect b caused by disc ligation- are placed - 
outside the pixels, it is not necessary that a black matrix for shading 
an area at which the disclination is generated be additionally provided, 
and hence, brighter display can be ensured corresponding to the area 
described above. 
[0014] 

in the present invention, Lhe alignmauL film 1« pj.»£wrably composed 
of one of silicon oxide and silicon nitride* When the alignment film is 
formed, for example, by an oblique deposition method from the material 
described above, a pretilt angle of 20 to 30° can be relatively easily 
realised, and in addition, since the decomposition of the alignment film 
by light, lis pruvtuiLtsd, Lhw S eii»x.aLiua of abiiuj-inal allymuwul vou bw 

prevented . 

[0015] 

In addition, in the present invention, - when the thickness (cell 

gap) of a layer of the liquid crystal held between- tfc* pair- dfi 

substrates is represented by d P and when the spaoe between the pixel 
electrodes is represented by Ii # d/L to 1 is preferably held. 
Disclination is increasingly observable as the cell gap d is decreased 
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and as the space L between the pixel electrodes is decreased; however, 
when d/L s 1 is held as described above, the influence of the lateral 
electric field ia decreased, and in addition, the aperture ratio can be 
increased. 

[0016] 

Furthermore, in the present invention, the pixel electrode may be 

electrode is formed from a light-reflecting metal electrode, switching 
elements and wires can be formed under the pixel electrodes. 
Accordingly, the pixel electrodes can be disposed ct^csiticns 
independently of those of the switching elements and the wires, 
[0017] 

Since a projection type liquid crystal apparatus of the present 
invention is provided with the liquid crystal device described above, 
bright display can be performed by preventing the display defects caused 
by di bc line t ion . 

rooiei . 

in particular, when the projection type liquid crystal apparatus 
comprises a light source, a light modulating device for modulating light 
csulLL Lad £xi«u the light source, and a projection lens for projecting the 
light modulated by the light modulating device, and when the liquid 
crystal device described above is used as the light modulating device, 
bright display can be performed by preventing the display defects caused 
by disci inat ion when images are magnified and projected. 

[0019] 
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In a manner similar to the above, when the projection type liquid 
crystal apparatus comprises a light source, a light modulating device 
for modulating light emitted from the light source, and a projection 
lens for projecting the light modulated by the light modulating device , 
and when the liquid crystal device described above is used for a blue 
display portion as the light modulating device, display can be performed 
having an improved blue purity* - 

[0020] 

xn addition, since an electronic apparatus or tne present invention 
comprises the liquid crystal device described above, bright display can 
be performed by preventing the display defects caused by disclination* 

[0021] 

[Description of the Embodiments ] 

Hereinafter, the embodiments of the present invention will be 
described with reference to drawings; however, the present invention is 

not limited to the AinbodiiQ^n> « A^m.--.--. .-.w . 

[0022] 

<Fixel portion of a Liquid Crystal Device> 

A liquid crystal device of a first embodiment of the present 
invention will first be described. First r the pixel portion of this 
liquid crystal device will be described with reference to Figs- 1 and 2_ 
Fig. 1 is a view showing an equivalent circuit of various types of 

elements and wires of a plurality of pixels arranged in a matrix 
constituting an image display area of the liquid crystal device. Fig. 2 
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of TFTs in Fig- 1- In this cross-sectional view, in order to allow 
layers and members to be recognised in the figure, the reduction scales 
of the individual layers and members are made different from each other. 
[0023] 

Tn Fig* 1, in the image display area of the liquid crystal device 
according to this embodiment, m scanning lines 3a extend in the lateral 

direction, n data lines- 6a extend in the longitudinal direction, ■ and 

TFTs 30 and pixel electrodes 9a are arranged in a matrix so as to 
correspond to the cross portions of the scanning lines 3a and the data 
lines 6a. A gate electrode of the TFT 30 is connected to the scanning 

line 3a r m sottrco «l9etx-od« of Lli*» TFT 3C it* i.ihii^w«I.w3 • " ' 

6a, and a drain electrode is connected to the pixel electrode 9a. In 
addition, scanning signals Gl , G2, -•■ Gm, which are sequentially placed 
at active levels at predetermined timings, are applied to the m scanning 
lines 3i. irurtheT TftoxO, i n a period of time in which a uwUlii pCdnxiing 
signal is placed at an active level, image signals SI, &2 *"* Sn 
supplied in a line sequence manner in this order- to tha_n data lines fia 
or are supplied to each group of a plurality of the data lines 6a 
adjacent to each other. 
[0024] 

Accordingly, when a certain scanning signal is placed at an active 

l9Yel ^ all T 1? ' r ** ^ n rnnniartftH t\r> r>n#» jtnBnnind line 3a to which said 
certain scanning signal mentioned ^»vb ie supplied are simultaneously 
put in an ON -tstct%> ■ Xti addition, diu f lng tho poriod o f th io Cfa ctat *, 

the image signals Si, S2 Sn which are supplied are written in 
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individual pixel electrodes 9a of said on© ecanninq line described above 
and are retained for a predetermined time between the pixel electrodes 
and a counter electrode formed on the counter subetrate de scribed below, 
[0025] 

Since the alignment and regularity of the molecular aggregate of 
the liquid crystal are changed in accordance with the level of a voltage 
applied thereto, light passing, through the liquid Ckry&t*l is aodulv***. 
and hence, grayscale display can be performed* When liquid crystal is 
< driven in a normally -white mode, incident light is not allowed to psOO 
through the liquid crystal portion in accordance with a voltage applied 
thereto f and when a normally -black mode is used, incident light is 
allowed to pass through the liquid crystal portion in accordance with a 
voltage applied thereto, whereby, en the whole?— light having on 
intensity corresponding to an image signal is amittsd from the liquid 
crystal device. In order to prevent leakage of the- rstsissd issage 
signals, a storage capacitance 70 is additionally provided in parallel 
with a liquid crystal capacitance formed between the pixel electrode 9a 
and the counter electrode* By this storage capacitance 70, the voltage 
of the pixel electrode 9a can be held for a time approximately three 
orders of magnitude longer than the time during which a source voltage 

whereby a liquid crystal device having a high contrast ratio can be 
realised. 

I 9 j 

Next, as shown in the enlarged cross-sectional view of Fig* 2, 
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above the TFT array substrate 10, a pixel switching TFT (switching 
©lament) 30 is provided at a location adjacent to the-correaponding 
pixel electrode 9a, In addition, on the pixel electrode 9a, an 
alignment film 16 is provided at the side opposite to the TFT 30. As 
described below, the TFT array substrate 10 is adhered to the oounter 

«nb«*™*--#. hjwing rh^.ro«nt.er_elfie±xnde_and-an alignio«Dt_fiJLnL.f ormad 

^n^^i, wiUi * LW«*-**-*i*r e-ii<i«i* .«y»*-a. - • 

layer 5 o is formed by filling th© liquid ^ry«+»"> ^ « ™r* Tn 
addition, when the difference in voltage between the pixel electrode 9a 
and the counter electrode is not present, the liquid crystal layer 50 is " 
arranged to be placed in a predetermined alignment state because of the 
alignment films provided at the two substrates. 
[0027] 

On the TFT array substrate 10, a first shading film 11a is provided 
at a location opposing the pixel switching tft 30. The first shading 
film n a ia preferably composed of a metal element, an alloy, a ssota& - 
aalicide, or the life* • c^ini^ it leacst - on* »e?a«»e- -mots*- having * High 
meltina point selected from Ti. Cr. W. Ta, Mo. and Pd, When beina 



formed from the material mentioned above, the first shading film 11a is 
not dostroyed and i» not melted during 0ubs*g»s*fc tr~t=-at at a high 
temperature- In addition, the first shading film 11a can prevent 
returned light or the like returned from the TFT array substrate 10 side 
from entering a channel region la' and LDD regions lb and lc of the 
pixel switching TFT 30, and hence the characteristics *Z ths pixel 
switching TFT 30 can be prevented from being degraded by the generation 
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of photocurrent . 
[0028] 

Next/ & first inter lo.--r iu^»tl« <»y - r ; -1 1« >7 ^yiwttted- 5>stwefiit-fche - 
first shading film 11a and a plurality of the pixel switching TFTs 30. 
The first interlayer insulating film 12 is provided for electrically 
insulating a semiconductor layer la constituting the pixel switching TFT 
30 from the first shading film -ll a. In addition, since being formed 
over the entire surface of the TFT array substrate 10, the first 
1nt«r1fly«r insuilnting film 12 aleo. aenrAa iva_»ujiudjacly.ing:_1 ajp»r_f ac_tha_ 
pixel switching TFT 30. That is, the first inter layer insulating film 
12 has the function of preventing the characteristics of the pixel- 
switching TFT 30 from being degraded by a roughened surface of the TFT 
array substrate 10 caused by polishing/ stains remaining thereon after 
washing, or the like* The first interlayer insulating film 12 is formed, 
xor example, or a nign insulation glass, sucb as ms*? inon-aoped silicate 
glass), PSG (phosphorus silicate glass), BSG (boron silicate glass), or 
BP£G (boron phosphorus silicate glass); a silicon oxide film; or a 
silicon nitride film. The first interlayer insulating film 12 described 
above can also prevent the pix**l «witnVnng. TFT 30 nr th« 1-iVn from being 
contaminated by the first shading film 1 la >~ nLan an wp«tH>te Oi siitstiruts 
is used for the TFT array substrate 10, the first shading film 11a is 
not required. 

[0029] 

Subsequently, a gate insulating film 2 is formed by thermal 
oxidation treatment or the like on the surface of the semiconductor 
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layer la constituting the pixel switching TFT 30, and in addition, the 

Accordingly, a part of the scanning line 3a crossing Lhw B «iuioouduuLor 
xayor la oorvoo "ao tac ^aw S£o*™*o*-<S2 -tAc- WiVj F-ana-a oi-mo-— " 
semiconductor layer la under the scanning line 3a serves as -the char.-.«V 
region la 1 - In addition, in parts of the semiconductor layer la, which 

are adjacent to the channel region la' at- the two- sides thereof r a 

lightly doped source region <LDD region at the eouroe aide) lb and * 
lightly doped drain region (U)D region at the drain side) lc are 
provided, and outside these ldd regions, a highly doped source region Id 
and a highly doped drain region le are provided, respectively, whereby 
the TFT 30 has a so-called LDD (lightly doped drain) structure. . Tn_t>i«_ 
individual regions lb, lc, Id, and le are each formed by doping the 
aemiconduotor layer la ~ th an n-typa or a p-typs dopant so a= to have a 
predetermined concentration thereof, the dopant being selected in 
accordance with the formation of an n-type or a p-type channel- Related 

to this, the n-type. atomneX^Tter naa an -advantage ot^hign - proooc&i»g - 

speed, and hence the n-type channel TFT is used as the pixel switching 
TFT 30, i.e., a switching element for the pixel, in many cases- 

in addition, as a material used for the pixel electrode 9a, a 
transparent conductive film such as ITO (indium tin oxide) is preferably 
used in a transmiseive type, and on the other hand, in a reflective type, 

a conductive film having high ref Lt*uLjbvjLLy , »m^U " *1 Ay* **"*jf 1»« 

used* 
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[0031] 

The highly doped source region Id of~"the semiconductor layer la 
constituting the TFT 30 is connected to the data line 6 a composed of a 
shading thin- film containing a metal film having a Iw resistance, such 
as Al, or an alloy film, such as a metal silicide, via a contact hols 5 
penetrating the gate insulating film 2 and a second interlayer 

inswlatin^-zil*a*-4>- -aaw* -tt th * -*y£toar Irainir tiwr^l^^irJrjf -vlupw* xtemlxr mm^cou 

le is connected to the associated pixel electrode 9a via a contact hole 
6 pgUptlntiiitf- Uw 9 a La insulating lilm 2, the second interlayer 
insulating film 4, and a third interlayer insulating film 7« In 
addition, the highly doped drain region le and the pixel electrode 9a 
may be electrically connected to each other via the same aluminum film 
as that for the data line 6a or the same polycrystalline silicon film as 
that for the scanning line 3a* 
[0032] 

The TFT 30 preferably has the LDD structure as described above; 

implantation is not performed for the lightly doped source region lb and 
the lightly doped drain region lc, or a self-align type TFT may be used 
in which impurity ions are implanted at a higher concentration by using 
the gate electrode 3a as a mask so as to form a highly doped source 
region and a highly doped drain region in a self -alignment manner . 
[0033] 

In addition, a highly doped region If, adjacent to the highly doped 
drain region le of the semiconductor layer la constituting the TFT 30, 
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extends to a location «t w>,ioh „ oapaci tance line 3b ^™«' -lending 
approximately parallel to the scanning line 3a, and the highly doped 
region If has a low resistance. Accordingly, the storage capacitance 70 
is fnr^H of th« highly Hot,*d region 1* «_m«»+ ^^U^^^H^^ 

line 3b with the gate insulating film 2 provided thsrebatveen as a 
dielectric material. Sine* the dielectric material of the otorage 
capacitance 70 is the gate insulating film 2 itself which is formed -on 
the polycrystalline silicon fil™ for the TPT 30 by high temperature 
oxidation, thin insulating film having a high fcr e akdown-volt*ae..c.*n..b* ... 
formed. Consequently, the storage capacitance 70 has a relatively small 
area and a large capacitance. 
[0034] 

As a result, by effectively using a space other than that for the 
aperture area, i.e., the area under the data line 6a and the space along 
the scanning line 3a, the storage capacitance of the pixel electrode 9« 
can be increased, in addition, the pixel electrode 9a may be formed 
above the data line 6« or -Wso - ov*rmL*>.3- 3.. «ith. »n. i^iistd^g. xVUj>- 

provided therebetween. 
[0035] 

In this embodiment, a single gate structure -is fon-sd in which only 
one gate electrode (data line 3a) of the pixel switching TFT 30 is 
provided between the source and the drain regions lb and le? however, at 
least two gate electrodes nay be provided therebetween. In the case 
described obore, the amua signal i= appLbml Ll» ixxJivisl— 1 *-t~ 

electrodes, when a tft is formed having a dual gate (double gate) or a 
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triple gate structure, leakage of current at the junctions of the 
rbunnAl wl t-.Vi t-.h« annrciG and the drain reoions can be prevented, and 
hence, current in an OJT at-aUs ««u bw d«c***sed- Wu*u «L 1« M L wu« of 
the gate electrodes described above is formed to have the LDD structure 
or the offset structure, the Off current can be further decreased, and 
as a xwsulL, tx *Labl» switvliiuy elomfcuiL vau l»o uLLoiuod. 

■ - [003*] 

Next, in the liquid crystal display device having the structure 
described above, the relationship among the pretilt angle of the liquid 
crystal with respect to the alignment film, the space between the Dixel 
electrodes 9a, and the thickness of the liquid crystal layer is 
investigated- Tor ease of description, as shown in Fig- 3, a space 
between body portions 9al of the pixel «a*cUtudt»a 9* la x«pAeaenU*i by i. 
(x 10" 6 m), an alignment pitch between the pixel electrodes 9a is 
represented by P (k lo" 6 m) , and the thickness (cell gap which is a 
distance between the alignment film 1 6 at the substrate 10 side and an 
alignment film 22 at a substrate 20 side) of the liquid crystal layer is 
represented by d (x lo" 6 m) • In addition, an angle (pretilt angle) 
formed by the long axis of the liquid crystal molecule and the surface 
of the substrate (alignment film) is represented by 6p- 
[0037] 

in the structure shown in rigs. 1 and 2, the alignment pitch P was 
set 25 x 10~ 6 m, and the eise of the pixel electrode 9a was set to 15 x 
10" 6 square (accordingly, the space .L.wae 10 * 10 6 m* - In addition, 
the cell gap d was set to 5 x lo" 6 m. Furthermore, the alignment films 
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16 and 22 were formed from si02, which is an inorganic material, the 

pretilt angle Bp was set to 25° by an oblique deposition method, and a 

twist nematic alignment mode having an angle of 45° between the two 

substrates vaa formed- In the <5A&o described above, -the product Ao'd o£ 

the refractive ani sot ropy An of a negative type nematic liquid crystal 

-6 

and the cell gap d was set to 0.46 * 10 m. 

[0038] • ■■ 

Tn addition, although not shown in the figure, the counter _ 

substrate 20* was provided with micro lenses composed of a photosensitive 

resin r acrylic adhesive covering the micro lenses, and cover glasses at 

the rear surface (upper side) of the substrate* 
[0039] 

Under the condiLiuuw Utt»ui.iLud abwv» # while the influence of 
lateral electric fields from the adjacent pixel electrodes was taken 
into consideration, the state of liquid crystal alignment was computed 
for simulating the lightness at the pixel - electrode in relation to the 
light reflectance* The results are shown in Fig* G. in this figure, 
compared to the conventional example shown in Fig- 14, it is understood 
that display defects, which are caused by disclination, are clearly 
decreased* 

[0040] 

Subsequently, in the case in which the pretilt angle dp was changed 

wtxile the An; d io f J_3cod -bo 0.40 pro, becDHDory cisll g«apa c«iii>ute«d. 

The results are shown in the table below (Table 1). In this Table, the 
jref lactones obtained when the dot inversion driving nb&tncd was -emp l oyed- 
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as a driving method and the response speeds thereof obtained by 
computing are also shown in this Table. 



[Table 1] 



Pretilt Angle 
( degree ) 


0 


5 


10 


20 


30 


40 


50 


An 


0.15 


0.148 


0.145 


0.13 


• 0.108 


0.OB 


0.057 


Cell Thickness 


3.2 


3.24 


3.31 


3*7 


4.4 




8. 4 


P«f 1 f*CTt.RT\C2& {&)•- - 


. A? 


4d 


4«i 




60 


62 


63 


Response Tine <ms) 


46 


47 


50 


62.7 


72 


165 


324 



[0042] 

As can bo seen in Table 1/ it is understood that the cell gap d is 
increased when the pretilt angle Gp is 30° or more. In addition, since 
it has been known that the response time is increased in proportion to 
the square of the cell gap d, thb Lx«*iu i» uwt in which ths 

cell gap d is increased. Furthermore, the reflectance is decreased when 
the pretilt angle Bp is 20° or lees, and the reason for this is that 
disclination occur a- Accordingly, it is-ooneidered that the pretilt 
angle Gp is preferably set in the range of from 20° to 30°. 

[0043] 

As described above, since being increased as the cell gap d is 
decreased and as the space L between the pixel electrodes is deceased, 
the influence of the lateral electric field can be apparently observed 
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in a highly fine panel* In addition, as described with reference to 
Table 1, the response tine is increased as the cell gap d is increased, 
and concerning the lightnesB, when the cell gap d is decreased in the 
case in which the An d is maintained constant, a liquid crystal material 
having a high An is required. However, since the number of reliable 
liquid crystal material? having « b^g^ Ati ir v«ry small, the use of the 
liquid crystal mentioned above is disadvantageous from -the process- point, 
of view. 

[0044] 

Next, in the case in which the alignment pitch F of the pixel 
electrodes 9a was set to 10 urn, and the cell gap d was maintained at a 
constant value of 3-2 tun, the change in aperture ratio with the change 
in space L between the pixel electrodes was measured.- The results are 
shown in the table below (Table 2)* 



[0045] 
[Table 2] 



L (|im). 


1 


2 


3 


4 


d (urn) 


3.2 




3*2 


3.2 


d/L 


3.2 


1.6 


1.06 


0.8 


Aperture Ratio ( %r j 


qn 


HO 


' 70.' 


60 



[0046] 

In this embodiment, when the pretilt angle Bp is set in the range 
of from 20° to 20°. _J.n order tn decrease the influence of the lateral 
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electric field and to obtain a large aperture ratio, it is understood 
tnat d/L a 1 must be held between the cell gap d and the spa™ b. 
[0047] 

Accordingly, when the pretilt angle 6p is set in the range of from 
20° to 30° , and in addition, when the cell gap d and the space L are set 
such that d/L i 1 ia held, the probability of tne_^=owrAfcion of 
disclination lines- is decreased in the pixel -even when there is 
influano© of th* laiaral alftctric fields by other pixel filswtrcds- 

adjacent thereto- As a result, even in a highly fine display structure, 
display having high quality and a high contrast ratio can be perfors»d-. 
[0046] 

<Kntir© Structure of Liquid Crystal Device> 

Next, the entire structure of the liquid crystal device according 
to thie embodiment, will Vw H««rri h#*H with r«f»r«nofi to F1 gn . d and 5- 
In Fig* 4, on the TFT array substrate 10 and along the periphery thereof 
a sealing material 52 is provided, and in parallel to the inside thereof 
a shading film 52 is provided as a peripheral delimiter- In an area 
outside the sealing material 52 r a data line driving circuit 101 and a 
mounting terminal 102 are provided along one side of the tft array 
substrate 10, and along two sides thereof adjacent to said one side 
mentioned above, scanning line driving circuits 104 are provided. When 
delay of scanning signals supplied to the scanning lines 3a does not 
r:*iift* a rr«-*»;" rjv* ^c^naLurj ..lib* ^tiviiyj ^ir<M><*-i.n* Mi-nwlly. . . - 
provided along one of the two side described above. In addition, the 
data line driving circuits 101 may be provided along two sides of the 
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Xmuy« axaplay cix«a. uWu^i-O, ftl^g tho *r=nu*:L*i:L*^ *±do the TFT 

array substrate 10, a plurality of wire© 105 is provided for connecting 
between the scanning line driving circuits 104 provided along the two 
aides of the image display area- As shown in Fig- 5, the counter 
substrate 20 having an outline approximately equivalent to that of the 
sealing material 52 is tightly bonded to the TFT array substrate 10 with 
the sealing materiel- 52 so as to have a predetermined . gap ^-.therebetween, 
and in addition, liquid crystal is enclosed in the space thus formed, 
whereby the liquid crystal layer 50 is formed. The sealing material 52 
is an adhesive composed, for example, of a photocorable resin or a 
thermosetting resin, and spacers (not shown in the figure) in the form 
of a bar or a sphere are added to and mixed with this sealing material 
52 so that the predetermined gap d can be maintained. 
[0049] . 

In addition, n t *ti* »id« of tho T^mtar enhBtrpttt 00 *« vh* ~J\ 

projection light is incident and at one side of the TFT array substrate 
10 from which light is emitted, a polarizing film r retardation film, 
polarizer, or the like are optionally provided in predetermined 
directions, for example, in accordance with an operation mode, sueh as a 

TO (twisted Miaati*) BM^d*, *n «TN ( 1»W) tti«H«, "t- * fftrrrtAl«fttr^ 
liquid crys tttl <FI*C) mode; or a normally-white mode or a normally-black 
mode* 

[0050] 

Since the liquid crystal device of the embodiment described above 
is applied to a color liquid crystal projector, three liquid crystal 
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devices *r* us^. 1 3 wCn nnlnr-B, nnri ih Addition, as 

^ocarliad below, ligttt n *vi P 9">»ic n ^ului Jd I.J ■ * ^^rrr 

f or RGB color separation ia incident on each of the liquid crystal 
device as projection light* 
[Q051] 

Accordingly, in this embodiment , color filters axe not provided at 
..the counter substrate 20 *ide*-- However, on the counter- eut^tr&t* 2G, - 
color filters for RGB may be provided with a protective film at areas 
opposing th« P i*«l «l« c trodee 9a. According to the structure described 
above, in addition to the liquid crystal projectors, the liquid crystal 
devices of the embodiments may be applied to color liquid crystal 
apparatuses, such as a direct^view-type or a r«£J »rJL.i ™ _rypft_color 
liquid <?ryrtal t«l«nriiiion. in addition, by depositing a plurality of 
interference films having different refractive indexes from each other 
on the counter substrate 20, a dichroic filter may be formed whi<?h 
producee RGB colors using the light interference. By the counter 
substrate provided with this dichroic filter, a brighter color liquid 
crystal apparatus can be realised. 
[0052] 

in addition, as the switching element provided in each piwi, Lhw 
normal staggar typ« oJt the coplanar type TTT -oi«r-«~* ~F nnly^m^Hiw 
silicon was descried; however, other TFTs, such ae an inverted stagger 
TFT, or a TFX composed of amorphous silicon, may be effectively used in 
the embodiment. 

[0053] ; 
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in this embodiment, the structure i. formed In which the pixel 
electro*, 9a is driven by using a TFT; hoover, in addition to the TFT, 
an active matrix element such as a TFD <thin-fil* diode, may aloo be 
us ed. In addition, the liguid crystal device may he formed a* a paeeive 
matrix liquid crystal device. 
[0054] 

fig. 6 i. a view- for illustrating driving method, applicable to the 
l iq uid cryatal device of thia embodiment for driving, tot. when each 
rectangular area defined by lines as shown in Fig. 6(a) is assumed to be 
ona pi**l, a method for applying voltages having the aame polarity to 
.11 pLvel*-^"*-* b,---Xx*»™, be-^loy^ in-otb«-»rd. f 
inversion driving method for repeatedly applying voltages to individual 
t rame* may be ployed in which - positive potential is applied to every 
pixel enclosed by the frame shown in-Fig «*U and a n»g-Liv- ^Mrtll- 
is applied to every pixel enclosed by the other frame which is not shown, 
secondary, a. shown in Fig. 6(b), a dot inversion driving method may be 
alloyed in which voltages having different polarities are applied to 
malViaual pixels aa 3 acenr to olW i-'U- l^ituOi^l W W«X 

directions. Thirdly, as shown in Fig. 6(c), a method for applying 
voltage* having different polarities to line* adjacent to each other i» 
the lateral direction or, as ahown in Fig- 6(d), a method for applying 
voltage* having different polaritie* to lines adjacent to each other in 
the longitudinal direction- may- be employed - 
[0055] 

in a conventional highly fine liquid crystal device having the 
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structure in which spaces between pixel electrodes are decreased to 
approximately 1 * l<f* m. the frame inversion driving method is the only 
^thod to be ployed because of the influence of the lateral electric 
field. The reason for this is that when the dot inversion driving or 
the frame inversion driving ie performed, display defect* may occur in 
some cases due to the generation of dieclination lines. In contrast, 
when the structure-of -this embodiment is employed, even when -a driving 
„»thod is employed in which voltages having different polarities are 
applied to the pixels adjacent to each other, the probability of the 
generation of dieclination lines in the display area is decreased, A* a 
result, even when the dot inversion driving method shown in Fig. 6(b) or 
the line inversion driving method shown in Figs. 6(c) or 6(d) is 
employed, the generation of the disclination can be supposed. 
Accordingly, in this embodiment, since any of the driving methods can be 
used for the' liquid crystal device, the applications thereof can be mare 

increased. 

10030 j 

[Second Embodiment] 

Hext, a liquid crystal device of a second embodiment of the present 
invention will be described, in this liquid crystal device, the TFT 
array substrate 10 of the first embodiment is composed of a 
B emiconductor substrate, and pixel- switching active elements are formed 
i» the eemiconductor substrate. In the case described above, since the 
semiconductor substrate has no light-transmitting characteristics, the 
liquid crystal device is used as a reflective type device. 
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[0057] 

rig. 7is» cr os«-sectional view showing the structure of on© 
pixel-switching field effect transistor in th© reflective liquid crystal 
device according to this embodiment, the equivalent circuits thi» 
liquid crystal device has not any different point from that shown in th© 

. ■ [0058] 

In the figure, reference numeral 101 indicates a p-type or an n- 
type semiconductor substrate such as single crystalline silicon, and 
reference numeral 102 indicates a p-type or an n-type well region which 
has an impurity concentration higher than that of the semiconductor 
substrate 101 and which is formed in th© surface thereof. The well 
ioyiOO 102 is not specifically liaitsdj how--*:, ir. th* ease of a highly 
fine liquid crystal panel having pixels, for example, composed of not 
less than 769 in the longitudinal line by 1,024 in the lateral line, the 
well regions' of these pixels are formed as a common well region, and in 
some cases, the common well region may be formed separately from well 
regions in which other elements are formed constituting peripheral 
circuits, such as a data line driving circuit, scanning line driving 
circuits, an input-output circuit, a timing circuit, and the like. 
[0059]; 

Next, reference numeral 103 indicates a field oxide film (so-called 

LOCOS) tor ^ lament laoUtion lormed on iha butibob of i.h» B^-wi^^ 
substrate 101. The field oxide film 103 is formed, for example, by 
selective thbrmal oxidation. An opening is formed in the field oxide 
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film 103, and a gat© electrode 105a and a scanning line composed of 
polycryatalline silicon, a metal ailicide, or the like ie formed at a 
central portion inside the opening mentioned above and on a gate oxide 
filjn 114 formed by thermal oxidation of the surface of the silicon 
B ub S trate= In -Hdif.ion. a source region 106a and a drain region 106b, 
each composed of a n-type impurity layer (doped layer) having an 
impurity concentration higher than that of the. well region -102, are 
formed at the suxjaLxaue auixaoe side and at two sides of ths gate 
electrode 105a, whereby a field effect transistor (FET, switching 
e lament) 105 is formed. 
[0060] 

Above tne source region 106a and the drain region 106b, firsL 
conductive layers 107a and 107b composed of a first aluminum layer are 

formed with a first interlayer insulating film 104 uuiupo«t*d of & BF3Q 

i 

(boron phosphorus silicate glass > film or the like provided therebetween- 
The first conductive layer 107a is electrically connected to the source 
region 106a via a contact hole formed in the first interlayer insulating 
film 104 to form a source electrode (corresponding to the data line) for 
supplying a voltage of the data signal to the source region 106a. In 
addition , the first conductive layer 107b forms a drain electrode in the 
first interlayer insulating film 104, 
[0061] 

Next, a second interlayer insulating film 108 compoood of silicon 

dioxide or the like is formed on the first conductive layers 107a and 

t 

107b, and in! addition, a second conductive layer 109 composed of an 
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aluminum layer or a tantalum layer is formed on the second inter layer 
insulating film 108. 
[0062] ! 

Furthermore, on the second conductive layer 109, an insulating 
1wyflr 110 is' formed from a material having a hiqh dielectric constant, 
such as silicon dioxide, silicon nitride, or tantalum oxide, and a pixel 
electrode 11?, whichis -composed, of a light-reflecting -metal -and whioh, - 
is connected: to the drain electrode 107b, ia formed on the insulating 
layer 110, The pi*el electrode 112 described above and the second 
conductive layer 109 are formed with the insulating layer 110 provided 
therebetween i As a result, holding capacitances 113 are formed. 
Accordingly,.' the second conductive layer 109 preferably has a planarized 
surface. In: the structure described above, a wire is elecLrxuuLljf 
connected to' the second conductive layer 109 for applying one 
predetermined potential selected among a common potential electrode Vcom 
of the liquid crystal p^nel or a potential in the vicinitv thereof? a 
center potential o£ Uim aunpllLude of a voltage (data signarl vwlLa^j 
applied to th« pixel electrode (reflecti ve e1ertrr>rift) 11? or ft potent i a l — 
I „ Ui«* vitliiiity thereof; and an intermediate potential J^tw^w ~fc*v& 

common electrode potential and the center potential of the volt ago 

i 

ampli-Ludw dwacjiL ibsd above. — Thtf-xjonnnon -electrode potential Vcom 
corresponds to an inversion central potential when polarity inversion 
drive of the liquid crystal layer is performed. 
[0063], 

The pixel electrodes 12 shown in Fig* 7 are arranged in a matrix in 
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plan view as in the case in the first embodiment, an alignment film not 
shown in the figure is formed on these pixel_electrodea_112, a counter 
substrate equivalent to that in the first embodiment ia disposed at a 
side opposing the B emiconductor substrate 101, and in addition, a liquid 
crystal layer ia held between the substrates, whereby a reflective type 
liquid crystal display devioe is formed. 

■ [0064] ' " 

in the semiconductor substrate 101 of the liquid crystal display 
device according to this second embodiment, as is the structure of the 
previous embodiment described above, when the pretilt angle 6p 1b set in 
the range of from 20° to 30°, and in addition, when the relationship 
between the cell gap d and the space L is set so that d/L a 1 is held, 
the probability of the generation of disolination lines ie decreased in 
the pixel even when influence of the lateral electric fields, which are 
caused by other pixels adjacent thereto, is given to the pixel. As a 
result, even though a highly fine structure is formed, display having 
high quality and a high oontrast ratio can be performed. 

[0065] . 
<Projeotor> 

Hext, several applications using the liquid crystal devices of the 
embodiments described above will be described. First, a projection type 
display apparatus (liquid crystal projector), which uses the liquid 

ryBtal devices «e light valves, will be described- Pig- 9 is a view 
showing the structure of the liquid crystal projector. 
[0066] 



c 
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The liquid crystal projector comprises a polarizing illumination 
device 700 primarily composed of - light source portion 710 provided 
along a system optical axis L, an integrator lens 720, and a 
polarization converter 730; a polarized light beam splitter 740 having a 
e-polarized light flux reflection surface 741 for reflecting s-polarized 
ii^bt flu*^ omitted fr«* tt» polarising ill.""---* ™°> " 

dichrorc-mirror t*i separating a to*«* l*gta.-c»r liyUt " 
reflected from the s-polarized light flux reflection surface 741 of the 
polarised light beam -plitter 740, a „fl«rtive liqui* r.ry^sl liflht - 
valve 745B modulating the separated blue light (B); a dichroic mirror 
743 separating a red light (») component by reflecting light fluxes 
obtained after tta. bi™. ligh* eo*******-^ * *e*l*«*i*. 

liquid crystal light valve 745R modulating the separated red light (R), 
a reflective! liquid crystal light valve 745G modulating remaining green 
light (G) passing through the dichroic mirror 743? and a projection 
optical systkm 750 Which synthesize.the light modulated by the three 

H^hr-oic minors 743 and 742 and the polarized light beam splitter 740. 
and which projects this synthesized light on a screen 760. In this 
structure, the reflective liquid crystal display devices (liquid crystal 
panels, according to the embodiment are used for the three reflective 
liquid crystal light valves 745R, 745G, and 745B. 
[0067] 

in tho atrurture d**nr-ih«H „ho W - ~*K~^«»dcm-X><4aT±rJ**-li*t>*-- 
f luscoc «dttpH ry,* in 0 hi- pnrtlnn 710 are eenaratad into a 
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plurality of intermediate light fluxes by the integrator lens 7-20, the 
intermediate light fluxes are converted into one ty™? of polmH**d light 
fluxes (s-polariaed light fluxes), in which the polarized directions are 
substantially identical, by the polarization converter 720 having a 
second integrator lens at a light incident side thereof, and this 
polarized light fluxes then reach the polarized light beam splitter 740* 
The s-polarized light fluxes emitted from the polarization converter 73a - 
are reflected from the s-polariaed light flux reflection surface 741 of 
the polarized light beam splitter 740, and of the reflected light i luxes, 
a blue (B) light flux is reflected from a blue light reflection layer of 
the dichroic mirror 742 and is then modulated by the reflective liquid 
crystal light valve 745B. Of the light fluxes passing through the blue 
light reflection layer of the dichroic mirror 742, a red <R) light flux 
is reflected rrom a red light reflection layer of Ui« dioiuioiw minvu. 
743 and is then row ui a Leu by Lh» xoflective liquid crystal light valve 
745R. in addition, a green <G) light flux passing through the red light 

lv XXm;Liu« itf* m*duXcx*©ii by tho jrofloc^iv-e liquid oiryetul light 

valve 745G. As described above, light colore are modulated by the 
reflective liquid crystal light valves 745R, 745G, and 745B. 
[006B] ■ 

The s-polarized light component of the light colors reflected from 
the pixels of the liquid crystal panel is not allow©* to pass through 
the polarized light beam splitter 740 reflecting the s-polarized light, 
but a p-polarized light component is allowed to pass therethrough- The 
light transmitted through the polarized . light beam splitter 740 forms an.. 
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image. Accordingly, in the case in which a TH type liquid crystal is 
used for a liquid crystal panel, reflected light from an Or? pixel 
reaches the projection optical system 750, and reflected light from an 
on pixel does not reach a lens, whereby a projection image is normally- 
white display. 
[0069] : 

In addition, when- the liquid crystal display devoce . of the 

embodiment is specifically u&ed for the blue light valve 745B, and the 

cut-off wavelength of blue light is set to 400 nm, display having 

i 

improved color purity can be performed. 

[0070] : 

Compared to a type having TFT arrays formed on a glass substrate, 
in the reflective liquid crystal panel, since the pixels are formed by 
using semicondau-toi' twiuiiqu>«^ n.-la«*r iMiiaba*-o£ pixels can be formed, 
and the psnel sise can also be XfdUC£»4 t - highly "Pith* 4 wages can be 
projected, and in addition, the projector itself can be miniaturised. 

[0071] • 
[Electronic Apparatus] 

Next, particular examples of electronic apparatuses each provided 
with one of the liquid crystal display devices of the embodiments will 
be described;* Fig. 10{a) is a perspective view showing an example of a 
mobile phone,* in Fig* 10(a), reference numeral 1000 indicates a mobile 
phone body, and reference numeral 1001 indicates a liquid crystal 
display portion using the liquid crystal display device of the 
embodiment. 1 
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[0072] 

Fig. lti.(h) is a perspective view showing an example of a wrietwateh 
type electronic apparatus. In Fig. 10(b), reference numeral 1100 
indicatea a wntoh body, and roforeno* numeral 1101 indicates a liqiii* 
crystal display portion using one of the liquid crystal display, devices 
of the embodiments. 

[0073] 

Fig- 10(c) is « perspective view showing an example of a portable 
information processing apparatus, such as a word processor or « personal 
computer. In Fig. 10 (o\. reference numeraj. 1.300 indicates an 
information processing apparatus, reference numeral 1202 indicates an 
input portion, such as a keyboard, reference numeral 1204 indicates an 
information processing body, and reference numeral 1206 indicates a 
liguid crystal display portion using the liquid crystal display device 
of the embodiment . 
[0074] ' 

Since these electronic apparatuses described above are each 
provided with the liquid crystal - display d«viw uf the first or the 
second embodiment, highly fine display having a high contrast ratio can 
be performed* 

[0075] : 

[Advantages] 

As has | thus , been d«s~rib~d f »«-™^H«ir.r* l-h*. pvonont. imwnfHon, 
bright display can be performed by suppressing the generation of the 
display defects caused by abnormal alignment of the liquid crystal- 
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[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a view of an equivalent circuit showing the structure of 
a display area of a TFT substrate of a liquid crystal device according 
to a first embodiment of the present invention. 
[Fig. 2] 

Fig. 2 is an enlarged cross-sectional view showing the structure of 
one TFT of the TFT array substrate. 
[Fig. 3] 

Fig. 3 is a schematic view for illustrating the relationship among 
a pixel pitch, a space between pixel electrodes, and a thickness of a 
liquid crystal layer in the liquid crystal device. 
[Fig. 4] 

Fig. 4 is a view showing the entire structure of the liquid crystal 
device . 
[Fig. 5] 

Fig. 5 is a cross-sectional view taken along the line H-H ! in Fig. 

4. 

[Fig. 6] 

Figs. 6(a) to (d) are views showing voltage distributions in 
individual pixels of driving methods applicable to the liquid crystal 
device . 
[Fig. 7] 

Fig. 7 is a cross-sectional view showing the structure in which a 
Si substrate is used as a substrate of the liquid crystal device. 
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Fig. B is a view showing the lightness obtained by computing a 
light reflection state in the liquid crystal device, 
[rig. 9] 

rJ .y. s i» » Ti« Db«r»« tho O t™turo ~f « HqiiiH crystal 
projector provided with a liquid cry^al device of one embodiment 
according to .the present invention- 
[Fig. 10] ' 

rig. 10'(a) is a perspective view of a mobile phone, Fig. 10(b) 1b a 
perspective view of a wristvatch, and Fig. 10(c) is a perspective view 
of a portable information processing apparatus. 
[Fig. 11] ■ 

Pig. 11 is a view showing the positional relationship among pixel 
electrodes provided at an elemental substrate side and a common 
electrode provided at a counter substrate side of a uuuvtmLiwuai liquid 
crystal device - 
[Fig. 12] 

Fig- 12 is a view showing the state in which disclination is 
generated in- liquid crystal alignment by the" xMliuom~ v-C * lataral 
electric field in a conventional liquid crystal device* 
[Fig- 13] ; 

Fig. 13 is a view showing the etate in which a letter "A" is 
displayed in! black on a white display background in a conventional 
liquid crystal devioe. 
[rig. 14] 
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Fig- 14 jis a view showing the lightness obtained by computing light 
reflection in the state in which disclination is generated in liquid 

crystal alignment by the influence of a lateral electric field in a 

i 

conventional liquid crystal device. 

i 

[Reference numerals] 
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